Background: In separate Women's Health Initiative randomized trials, combined hormone therapy with estrogen plus progestin reduced colorectal cancer incidence but estrogen alone in women with hysterectomy did not. We now analyze features of the colorectal cancers that developed and examine the survival of women following colorectal cancer diagnosis in the latter trial. Participants and Methods: 10,739 postmenopausal women who were 50 to 79 years of age and had undergone hysterectomy were randomized to conjugated equine estrogens (0.625 mg/d) or matching placebo. Colorectal cancer incidence was a component of the monitoring global index of the study but was not a primary study endpoint. Colorectal cancers were verified by central medical record and pathology report review. Bowel exam frequency was not protocol defined, but information on their use was collected.
Introduction
Colorectal cancer is the second leading cause of cancer death in the United States (1) . Interventions including calcium (2) , celecoxib (3), aspirin (4), sulindac (5, 6) , and the bile acid ursodiol (7) have all reduced colorectal polyp recurrence in various high-risk populations. However, only combined estrogen plus progestin use has been shown to reduce colorectal cancer incidence in a randomized trial setting (8, 9) .
In prospective cohort studies, which have generally not distinguished combined estrogen plus progestin from estrogen alone use, postmenopausal hormone therapy has been consistently associated with reduced colorectal cancer risk (10) (11) (12) (13) (14) . In addition, both significantly improved colorectal cancer -specific survival (15) , and overall survival (15, 16) has been seen in women using postmenopausal hormone therapy when their colorectal cancer was diagnosed. These observational study findings received some support from the Women's Health Initiative (WHI) randomized trial evaluating combined hormone therapy with conjugated equine estrogen plus medroxyprogesterone acetate, wherein a statistically significant 44% decrease in colorectal cancer incidence in the combined hormone therapy compared with placebo groups was seen (9) .
In the original report of the WHI randomized placebo-controlled trial, conjugated equine estrogen alone did not reduce colorectal cancer incidence compared with placebo (17) . The current report provides details of the colorectal cancer screening procedures, characteristics of the diagnosed colorectal cancers, additional subgroup analyses, and additional follow-up information, including survival following colorectal cancer diagnosis in the WHI randomized trial comparing conjugated equine estrogen alone to placebo.
Materials and Methods
Study Design. The WHI trial of conjugated equine estrogen alone enrolled 10,739 women with previous hysterectomy at 40 clinical centers in the United States between 1993 and 1998 under protocols approved by the institutional review boards at each institution (18) . Recruitment was predominantly done through mass mailings. Eligibility criteria included ages between 50 to 79 years, postmenopausal status, and providing written informed consent. Women were eligible if they had undergone a previous hysterectomy, with or without oophorectomy. Exclusion criteria included a personal history of breast cancer, medical conditions likely to result in death in the next three years, or colorectal cancer within the past 10 years. Women currently using postmenopausal hormones were eligible after a 3-month washout period.
The trial was a randomized, double-blind, placebocontrolled trial of conjugated equine estrogen (0.625 mg/d) administered in a single tablet (Premarin, Wyeth Ayerst) compared with an identical-seeming placebo. Randomization was determined by the WHI Clinical Coordinating Center and implemented at local centers with a distributed database that maintained blinding of participants and staff to randomization allocation throughout the trial.
Women in the hormone trial also could participate on study entry in the dietary modification trial or could enter a randomized trial of calcium and vitamin D at the first or second annual clinic visit. Approximately 20% and 60% joined the dietary modification and calcium and vitamin D trials, respectively.
Follow-up. Follow-up procedures have been described previously (18, 19) . Participants were contacted after six weeks to assess symptoms and promote adherence, at six month intervals for clinical outcomes assessment, and annually for clinic visits. For potential colorectal cancer diagnoses, medical records and pathology reports were reviewed by locally trained physician adjudicators (blind to group assignment) to identify cases; cases underwent a second blind adjudication at the clinical coordinating center and tumor characteristics were coded using the Surveillance, Epidemiology, and End Results program guidelines (20) . Proximal colon lesions included those in the cecum, ascending colon (right colon), hepatic flexure, and transverse colon. Distal colon lesions included those in the splenic flexure, descending colon (left colon), and sigmoid and rectosigmoid junction.
Colorectal cancer was not a WHI conjugated equine estrogen primary study outcome and colorectal cancer screening was not protocol defined; participants received bowel exams as determined by their personal health care provider. Self-administered questionnaires or structured telephone interviews were used every six months to monitor the frequencies of rectal exams, fecal occultblood testings, sigmoidoscopies and colonoscopies (asked as one question), and barium enema exams. Participants were also asked semiannually if they had intestinal or colon polyps diagnosed during that period.
Termination of the Study. After a mean follow-up of 7.1 years, the National Heart, Lung, and Blood Institute stopped the trial early because of increased stroke risk, absence of coronary heart disease benefit, and the low probability that interpretation of the trial would change with further information. In the original report on conjugated equine estrogen trial outcomes, 119 total colorectal cancer cases were identified (17) . The current report is based on 120 total colorectal cancers diagnosed before February 29, 2004 , the date on which the participants were instructed to discontinue their study medication and follow-up mortality data through April 1, 2005, on those women diagnosed with colorectal cancer.
Statistical Analysis. Primary results were assessed with time-to-event methods based on the intention-totreat principle. Comparisons of rates of colorectal cancer are presented as hazard ratios with 95% CI and Wald zstatistical P values from Cox regression models, stratified according to age and randomization in the WHI trials of dietary modification, calcium and vitamin D, or both. Because participants in the calcium and vitamin D trial entered that trial one to two years after their entry into the hormone trial, stratification for calcium and vitamin D trial participation was time dependent, based on the calcium and vitamin D randomization date. No adjustments are made for multiple analyses over time because the incidence of colorectal cancer did not influence the decision to stop the trial.
Kaplan-Meier plots were used to examine the rates of colorectal cancer over time. Effects of baseline participant characteristics, including risk factors for colorectal cancer, were assessed in Cox regression models as described above, expanded to include the designated risk factor and randomization assignment (as the main effects) and the interaction between them. P values for interaction were computed with likelihood-ratio tests, and models with and without the interaction term were compared. For variables measured on a continuous scale, P values were computed on the continuous variable. Women with missing risk factor values in a given analysis were excluded from that analysis. Eighteen subgroup comparisons were done; one would be expected to be significant at the 0.05 level by chance alone. The exploratory analyses significance levels were not adjusted for multiple comparisons. Comparisons of survival after colorectal cancer diagnosis between estrogen alone and placebo groups were based on a proportional hazards model that was stratified by age and cancer stage at diagnosis with age as a covariate. Sensitivity analyses were conducted to explore the impact of adherence on outcome, and follow-up was censored six months after participants first became nonadherent (defined as taking <80% of study pills).
Results
There were 5,310 women randomized to conjugated equine estrogen and 5,429 to placebo (total, 10,739) with follow-up during active intervention for an average of 7.1 years (maximum, 10.8 years). Recent outcomes data were available for 10,176 participants (94.8%). Of the women, 54% in the hormone group and 53.5% in the control group stopped study medications at some point; most did not restart. In addition, 5.7% in the hormone group and 9.1% in the control group reported using postmenopausal hormones off protocol. A full consort diagram is published elsewhere (8) . The two groups were well balanced for colorectal cancer risk factors, including age, education, anthropometry, personal or family history of colorectal cancer, smoking history, use of anti-inflammatory medications, dietary patterns, use of nutritional supplements, levels of physical activity, previous postmenopausal hormone use, and previous colorectal cancer screening (Table 1) .
At the termination of the study intervention, 53.8% of women had already stopped taking study medication and the discontinuation rate was closely comparable in the intervention and placebo groups. Nonprotocol hormone therapy was initiated by 9.1% in the placebo group and 5.7% in the conjugated equine estrogen group through year 6.
Among the 120 women with colorectal cancer, three in the intervention group and two in the placebo group had stage 0 (in situ) disease. There was one squamous cell carcinoma and one neuroendocrine carcinoma in the placebo group, and one malignant melanoma of the colon and one neuroendocrine carcinoma in the hormone group. All presented analyses are limited to the remaining 111 women with invasive colorectal carcinomas of epithelial origin.
By an intention-to-treat analysis, there was no difference between groups in the incidence of invasive colorectal cancer (58 in the conjugated equine estrogen group and 53 in the placebo group; hazard ratio, 1.12; 95% CI, 0.77-1.63; P = 0.55; Table 2 ). Although fewer rectal cancers were diagnosed in the conjugated equine estrogen group, a total of only 15 rectal cancers were observed, precluding reliable estimation of any conjugated equine estrogen effect. In addition, Kaplan-Meier plots by randomization group revealed no time trends of treatment effects (Fig. 1) . In adherence-adjusted sensitivity analysis, the hazard ratio for invasive colorectal cancer changed only slightly to 1.02 (95% CI, 0.64-1.64). Tumor characteristics were also comparable between treatment groups (Table 2) .
Among the 18 interactions examined, history of polyp removal, height, and waist circumference differed at the 0.05 level of significance (Table 3 ) with more colorectal cancer seen in the conjugated equine estrogen group among women with waist circumference of <85 cm or height of <158.7 cm. Although the interaction test was not significant, the hazard ratio of the conjugated equine estrogen to placebo group for invasive colorectal cancer was 0.82 (95% CI, 0.34-1.98) for women 50 to 59 years and 0.83 (95% CI, 0.49-1.43) for women 60 to 69 years old at baseline compared with 2.11 (95% CI, 1.06-4.21) in the 70 to 79 year age group.
Based on self-reports, the proportion of women who developed polyps during the trial was comparable between the two randomization groups (16.9% of hormone and 17.1% of placebo users) as was the time to first report of an identified polyp (hazard ratio, 0.97; 95% CI, 0.87-1.07). A higher risk for invasive colorectal cancer was associated with previous polyp removal among those in the hormone compared with the control group; however, the limited number of cases (n = 9) precludes reliable estimation of effect (Table 3 ).
The frequency of bowel exams, including rates of hemoccult testing, rectal exams, and sigmoidoscopy or colonoscopy, was similar in the conjugated equine estrogen and placebo groups during the study. Screening rates increased during the study, with rates of sigmoidoscopy or colonoscopy ranging from f9% to 15.5% per year and other exams (rectal or hemoccult) ranging from f16% to 23%. Over the study period, 24.0% of women in the hormone group and 22.9% of the placebo group participants reported no bowel screening. Surveillance sigmoidoscopy or colonoscopy was more frequent in women with previous polyp removal than was screening use of these exams in women without such history (69% versus 44%). Screening with these tests was also more frequent in those with a colorectal cancer family history (57% versus 45%) and somewhat more frequent in women 50 to 59 years old but did not differ by randomization group.
Mortality outcomes for participants who were diagnosed with colorectal cancer were compared between randomization groups. After 3.6 F 2.7 years (mean F SD) following a colorectal cancer diagnosis, the cumulative mortality rate for women in the conjugated equine estrogen alone group was 34% (20 of 58 dead) compared with 30% (16 of 53 dead) in the placebo group (hazard ratio, 1.34; 95% CI, 0.58-3.19). Kaplan-Meier plots by randomization group are provided in Fig. 2 .
In a cross-study comparison, the colorectal cancer annual incidence rates were found to be similar in the placebo groups from the trial of conjugated equine estrogen alone compared with the trial of conjugated equine estrogen plus medroxyprogesterone acetate (0.14% for women in the conjugated equine estrogen alone trial versus 0.16% for women in the conjugated equine estrogen plus medroxyprogesterone acetate trials; P = 0.35 for comparison of incidence between the two placebo groups; ref. 1) . Difference between the conjugated equine estrogen plus medroxyprogesterone acetate (9) and conjugated equine estrogen effect on colorectal cancer were explored using a Cox regression model stratified according to cohorts, age, dietary modification participation, history of colorectal cancer, and adjusting for covariates of ethnicity, body mass index (BMI), history of polyp removal, previous colonoscopy or sigmoidoscopy, and family history of colorectal cancer. The ratio of the hazard ratios for the conjugated equine estrogen alone compared with the conjugated equine estrogen plus medroxyprogesterone acetate trial for colorectal cancer incidence was 2.21 (95% CI, 1.29-3.81; P = 0.004), indicating a significant difference in hormone therapy effects in the two trials.
Discussion
In a randomized, double-blind, placebo-controlled trial, conjugated equine estrogen alone for an average of 7.1 years did not influence invasive colorectal cancer incidence or survival following a colorectal cancer diagnosis in postmenopausal women. No differences were observed in the clinical characteristics of the tumors diagnosed in the conjugated equine estrogen and placebo groups. Colorectal cancer risk factors were balanced between treatment groups, as were examinations for colorectal cancer detection. The lack of an effect of conjugated equine estrogen alone on colorectal cancer incidence contrasts with the results of the WHI trial of conjugated equine estrogen plus medroxyprogesterone acetate, wherein colorectal cancer incidence was significantly lower in the combined hormone group (9) . In the randomized Heart and Estrogen/Progestin Replacement Study fewer colorectal cancers were also seen in women randomized to the conjugated equine estrogen and medroxyprogesterone acetate compared with the placebo groups (hazard ratio, 0.69; 95% CI, 0.32-1.49; not significant; ref. 21) .
Although participants in the two WHI trials, one evaluating conjugated equine estrogen plus medroxyprogesterone acetate for women with no previous hysterectomy and one evaluating conjugated equine estrogen alone for women with previous hysterectomy, differed in several baseline characteristics (22) , the colorectal cancer annual incidence rates were similar in the placebo groups for the two trials. Thus, differences in participant characteristics do not explain the discrepant findings and suggest progestin may modify the influence of estrogen on colorectal cancer. Because colorectal cancers in the WHI combined hormone therapy trial were diagnosed at a higher stage compared with those diagnosed on placebo, a differential influence on cancer detection in the two studies also cannot be excluded as an explanation. In the predominance of observational studies, postmenopausal hormone therapy use has been consistently associated with reduced colorectal cancer risk (23, 24) and improved cancer-specific and overall survival in some reports (15, 16, 25) . However, the observational study literature about menopausal hormone therapy and colorectal cancer have not commonly considered use of estrogen alone and combined hormone therapy separately. Several case-control studies reported that both estrogen plus progestin, as well as estrogen alone, were associated with lower colorectal cancer risk (12, 26) . A recent case-control in the United States found an association with lower colorectal cancer risk only in women using estrogen plus progestin (odds ratio, 0.6; 95% CI, 0.5-0.9) but not those using estrogen alone (odds ratio, 0.9; 95% CI, 0.7-1.1; ref. 13) . Similarly, in a Swedish cohort (27) and in the large United Kingdom General Practice Research Database, colorectal cancer risk was lower only in women using estrogen plus progestin but not those using estrogen alone (28) . Future observational studies of colorectal cancer should clearly differentiate combined hormone use from estrogen alone. In the current randomized trial, there was no improvement in the post diagnosis survival for women with colorectal cancers in the conjugated equine estrogen group (n = 58 cases) compared with those diagnosed in the placebo group (n = 53 cases; hazard ratio, 1.34; 95% CI, 0.58-3.19). This result stands in contrast to the recent findings of Chan and colleagues (15) , who reported that, for women in the Nurse's Health Study cohort, current users of estrogen at the time of diagnosis of colorectal cancer (n = 235 cases) experienced significantly less colorectal cancer -specific mortality and less overall mortality compared with women who never used hormone therapy before a colorectal cancer diagnosis (multivariate hazard ratio for overall mortality, 0.74; 95% CI, 0.56-0.97). In that observational study experience, 75% of the person-time represented estrogen alone use. Other reports of longer survival for women diagnosed with colorectal cancer when they were receiving menopausal hormone therapy do not provide details about type of hormone therapy received (19, 29) . Given the findings from the WHI randomized trial, current evidence does not support clinical use of estrogen to improve outcome of postmenopausal women with diagnosed colorectal cancer.
The biological effects of combined estrogen plus progestin and estrogen alone on malignant processes are complex. Use of estrogen alone increases endometrial proliferation and endometrial cancer risk, whereas the addition of progestin to estrogen largely abrogates the estrogen effects (8, 30) . Combined estrogen plus progestin use significantly increased breast cancer risk (31) , whereas the use of estrogen alone was associated with a nonsignificant reduction in breast cancer incidence (32) . Combined conjugated equine estrogen plus medroxyprogesterone acetate use reduced colorectal cancer incidence in the WHI trial for women with no previous hysterectomy (9) , but the use of conjugated equine estrogen alone in the currently reported trial did not influence either colorectal cancer incidence or mortality after diagnosis. Taken together, these results suggest an hypothesis that progestins modulate estrogen effects on malignancy and that their influence is organ specific. Alternatively, progestins and/ or estrogens alone could simply have different effects on Study subgroup analyses suggested that conjugated equine estrogen influence on colorectal cancer may vary according to age. Alternatively, given the limited numbers of women in these subgroup analyses and that the test for interaction was not significant, chance alone may explain the age effects observed. One case-control study (33) reporting on mostly unopposed estrogen use found no association with colorectal cancer risk in younger women, but hormone users with ages 60 to 69 years had a lower colorectal cancer risk relative to non-users. A nominally significant interaction among conjugated equine estrogen alone use and colorectal cancer with both waist circumference and height was seen, along with a suggestion of an interaction with BMI. However, observational studies examining BMI modification of hormone therapy association with colorectal cancer have provided conflicting results (16, (34) (35) (36) (37) (38) , and relationships among BMI, menopausal hormone therapy, and colorectal cancer risk remain unclear. Although no effect of conjugated equine estrogen alone on colorectal cancer incidence was seen in the current trial, several mechanisms have been proposed as potential mediators of the favorable effect of combined conjugated equine estrogen plus medroxyprogesterone acetate use on colorectal cancer previously reported (9) . These include hormone influences on bile acids, (6) insulin (39) , and direct effects on the intestinal epithelium (40, 41) .
Strengths of the current study include the randomized double-blind design and the long-term follow-up of a large number of ethnically diverse participants with standardized outcome ascertainment and adjudication. The limited number of colorectal cancers is a constraint, as is the lower-than-anticipated adherence to study medications, which likely dilutes any true effect. Although bowel screening was not protocol defined, the frequency of exams was comparable in the two groups.
In summary, in a randomized placebo-controlled clinical trial in 10,749 postmenopausal women, use of conjugated equine estrogen alone did not reduce colorectal cancer incidence or improve the post diagnosis survival of women with this disease.
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